The Avon Longitudinal Study of Parents and Children (ALSPAC) is a population-based study designed to understand the ways in which the physical and social environment interact, over time, with the genotype to affect health, behaviour and development. This information about causal interactions in common diseases and disorders will provide the basis on which future preventive interventions can be tested, especially in regard to people with specific genotypes. Whilst ALSPAC builds on data and hypotheses generated by earlier general population cohorts, its design offers special advantages, the most important being: enrolment in early pregnancy; banking of DNA from the children and parents (permitting genetic transmission tests and transgenerational imprinting studies); diverse physical, psychological and environmental measures; one geographical base (permitting medical record and school linkage; environmental measures in the home, and clinics for direct examination); annual hands-on examinations of the full cohort since age 7. The 14 541 enrolled pregnancies (expected date of delivery 1 April 1991 to 31 December 1992) represented about 85% of the eligible population. The 13 971 children who were still alive at age 12 months have been followed principally by questionnaires completed by a parent. Twelve years on, questionnaires are still being sent out to 11 300 families. The average questionnaire response rate from mothers is 79%. From age 7, annual examinations of both 'physical' and 'psychological' aspects have also been conducted on the children (approximately 8000 attend each 'clinic'). The quality of the data has proved high in validation studies and is maintained by collaboration with experts in each specialist field. The high participation rate ensures a viable study well into the future.
The study aims
The Avon Longitudinal Study of Parents and Children (ALSPAC), also known as Children of the Nineties, was the result of 5 years of planning and piloting. The overall objectives of the study are to understand the ways in which the physical and social environments interact over time with genetic inheritance to affect health, behaviour and development in infancy, childhood and then into adulthood (1) .
A diagrammatic structure of the way in which we have designed the study is shown in Fig. 1 . Here it can be seen that the environmental influences that we are considering include psychosocial conditions, features of parenting strategies, the diet and lifestyle of the family, the pollutants (including those in the air, water and food), housing circumstances, health behaviour of the family, medical and dental care (including medications taken), the types of day care and the schooling that the child receives. It is anticipated that the outcomes will depend on complex interactions between the environment and variation in a number of different genetic polymorphisms. Consequences that are being measured in this study include growth, onset of obesity, respiratory function, traits relevant to adult-onset diseases, infections, motor and mental ability, educational achievements, sexual development, accidents and injuries, atopic diseases including asthma, eczema and specific allergies, mood behaviour and temperament. From late adolescence onwards ALSPAC will be able to study the genesis of type 2 diabetes, markers of increased susceptibility to coronary heart disease, schizophrenia and other psychotic disorders, criminal behaviour, ability to hold down a job, onset of drug and alcohol abuse and reproductive successes and failures.
(Bristol) and surrounding areas, which include small towns, villages and farming communities. Avon has the advantage of being a defined geographic area with services centralised around Bristol. It has a relatively low level of outward migration and a mixture of different social backgrounds, housing types and urban and rural areas.
Study enrolment
The study itself started as early in pregnancy as possible. Eligible women were those who were pregnant, resident in the study area and had an expected date of delivery between 1 April 1991 and 31 December 1992.
Of all mothers who were interested in taking part, an estimated 85% of the eligible population were included and answered at least one questionnaire. This resulted in 13 971 babies born who were alive at 12 months and have been eligible for follow-up ever since.
Data collection
The ALSPAC data are collected using a variety of different mechanisms, including those in the following subsections.
Self-completion questionnaires
Detailed questionnaires have been and are answered by mothers, their partners and from the age of 5 onwards, their children, as well as the child's school teacher.
A sample of the response rates to the questionnaires sent to mothers relating to the child is shown in Table 1 . This indicates the increasing numbers who either refused or whose address was lost over time, Figure 1 Diagrammatic plan of the aims of the study.
but the relatively high response rate from those parents to whom the questionnaires were sent (80 -90%).
Health records
These involve the detailed abstraction of obstetric records, linkage to the immunisation and childgrowth database, and specific studies carried out on an ad hoc basis.
Biological samples
Maternal samples of blood and urine were collected at various times during the prenatal period; cord blood and a piece of the umbilical cord, were obtained at birth and the whole placenta was fixed in formalin; hair and toe nail samples were requested from the study child and parents, as were the child's milk teeth. From the age of 7 onwards, samples of the study children's blood, urine and saliva were taken at various time points.
No biological samples are assayed without the signed permission of the mother. DNA has been extracted from both maternal blood and the child's blood (preferentially using samples collected at 7 years or later, but failing this from the cord blood). In all, over 10 000 samples from mothers and 10 300 child samples are available for DNA assays.
Environmental monitoring
Subsamples of the study have had specific measurements taken in the home, concerning air pollutants and electromagnetic radiation (these results have been compared with questionnaire-based measures to allow imputed estimate of pollutants for each home). In addition, geographic information systems (GIS) mapping allows assessment of outdoor air pollutants and questionnaires provide further information on physical and psychosocial environmental features of the home and lifestyle.
Education records
Access to the study child's education test results is based on statutory testing of all children in schools in the public sector (95% of all children are included). In addition teachers have supervised ALSPAC-specific maths and science awareness tests.
Observations in the home
A large number of different projects related to different aspects of the home and the children. These include, for example, studies of inter-relationships within stepfamilies (2), children being brought up in lesbian homes (3), the development of speech and language in twins (4), the relationship between alcohol consumption of the breastfeeding mother and motor development of the child (5) and the relationship between maternal anxiety in pregnancy and child behaviour (6) .
Testing and interviewing the study children in ALSPAC clinics
This occurred for a 10% sample of the children randomly selected from the last 6 months of study births; these children were seen by the study team at 4, 8 and 12 months and then at 6-monthly intervals From the age of 7 all children in the study have been invited to visit for a half day of tests annually. Detailed measurements include anthropometry; blood pressure; physical fitness; dual-energy X-ray absorptiometry scans, which identify bone mineralisation and amount of fat and lean tissue; lung function and bronchial hyper-responsiveness; reading, spelling and phoneme awareness; standardised interviews to assess: gender role behaviour, bullying and victimisation, antisocial (delinquent) behaviour, sexual experimentation, use of drugs of addiction including alcohol and cigarettes, as well as cannabis and hard drugs, levels of depression, borderline personality disorder and self esteem; cognitive tests including IQ, executive function, non-verbal recognition and attention span; detailed measures of vision and hearing, motor coordination and balance.
Advantages of one geographic region
The study is not a national study -it is based in one geographic region and in consequence has a number of advantages. By being in one area we have been able to efficiently reinforce the commitment of the involved families through the local media; we have been able to access medical records easily (there is just one children's hospital in the area), and the link with schools is very efficient. In addition, the way in which biological samples have been able to be collected during pregnancy and delivery was made much easier by being local and fitting into the normal schedule by which biological samples were forwarded to local laboratories for clinical assays.
Advantages of a longitudinal study
The value of longitudinal studies compared with crosssectional focused studies relates to: (i) a reduction in retrospective bias from the participants, (ii) the ability to take biological samples and environmental measures at appropriate time points, (iii) the temporal resolution of associations into antecedents, and (iv) the monitoring of changes in phenotype with age.
Conclusion
The ALSPAC study has shown itself to be highly successful (with relatively high response rates) with the continuing support of the participants, a wealth of information collected to date, and a large number of collaborating scientists who are world leaders in a variety of fields. There is now interest in a number of countries in doing a similar study, most notable being the National Children's Study in America, which is planned to enrol 100 000 pregnancies. ALSPAC is at least 15 years ahead of any new large study and could be considered as a pilot resource for planning for future studies.
The study itself is set up as a resource for scientists in a variety of disciplines. The Director of the study has always been open to approach from other scientists to discuss ways in which collaborations could be progressed. The Director answers to a number of advisory subcommittees and each new proposal has to be assessed by one or more of these as well as by the ALSPAC Ethics and Law Committee where relevant.
Funding for the study has been achieved by piecing together specific project grants focused on the study together with some core funding from the Wellcome Trust and the Medical Research Council. The study has benefited hugely from support from the University of Bristol. However, the study could not possibly continue without the full support of the study participants. These have shown themselves to be particularly committed, even though they have been told from the start that the study is unlikely to provide them with any tangible benefit -but rather that it does have the potential to protect the next generation from a variety of adverse effects. The ALSPAC website (www.alspac.bris.ac.uk) provides up to date findings from the study, and abstracts of each publication. The website includes details of the data collected at different time points including the full text of all questionnaires.
Of interest to the endocrinology community are results concerning the link between birthweight and postnatal growth on (i) insulin sensitivity and secretion in childhood (7), (ii) adrenarche (8), (iii) plasma insulin-like growth factor levels (9), and (iv) the relationships with the insulin gene (10) . The study has shown also that the young girl who prefers more boyish types of play was exposed to higher levels of maternal testosterone in utero (11) , and that hypospadias is found more frequently in boys whose mothers eat a vegetarian diet (12) . Ongoing studies are related to factors associated with early signs of the onset of puberty, as well as the development of obesity.
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